





















Torino,	 L.go	 P.	 Braccini,	 2	 ,	 10095	 Grugliasco	 (TO),	 Italy.	 Tel.:	 +390116709194;	 fax:	22	
+390116709196;	e-mail	address:	elena.grego@unito.it23	
24	
© 2018. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/
Abstract:	25	
Small	Ruminant	Lentivirus	 (SRLV)	 subtype	E1,	also	known	as	Roccaverano	strain,	 is	 considered	a	26	
low	 pathogenic	 virus	 on	 the	 basis	 of	 natural	 genetic	 deletions,	 in	 vitro	properties	 and	 on-farm	27	
observations.	 In	order	 to	gain	more	knowledge	on	 this	atypical	 lentivirus	we	 investigated	 the	 in	28	
vivo	tropism	of	Roccaverano	strain	in	both,	experimentally	and	naturally	infected	goats.	Antibody	29	
responses	were	monitored	as	well	as	tissue	distribution	and	viral	load,	evaluated	by	real	time	PCR	30	



















Small	 ruminant	 lentiviruses	 (SRLV)	 cause	 a	 slow	 progressive	 multi-systemic	 disease	 that	 may	50	
involve	 joints,	 lungs,	 brain	 and	mammary	 glands.	 SRLVs	 display	 different	 genetic	 and	 antigenic	51	
properties	highly	depending	on	host	genetic	background	(Stonos	et	al.,	2014).	Five	different	SRLV-52	
genotypes	 (A-E),	 characterized	 by	 peculiar	 biological	 and	 pathological	 properties,	 have	 been	53	
described	 so	 far	 (Juganaru	 et	 al.,	 2011;	 Valas	 et	 al.,	 2000).	 While	 genotypes	 A	 (including	54	
Visna/Maedi	 prototypes)	 and	 B	 (including	 Caprine	 Arthritis	 Encephalitis	 Virus,	 CAEV)	 are	widely	55	







et	al.,	2007a;	Reina	et	al.,	2009).	However,	Seui	 strain	 retained	some	cytopathogenicity	 in	vitro,	63	
evidenced	by	the	development	of	syncitia,	most	 likely	due	to	the	env	hypervariable	regions	HV1	64	
and	HV2	that	are	more	similar	to	the	arthritic	prototype	strains	(Reina	et	al.,	2010).	65	
The	 low	 pathogenic	 potential	 of	Roccaverano	 strain	 is	 further	 supported	 by	 the	 lack	 of	 clinical	66	
signs	 in	 Roccaverano	 breed	 herds	 naturally	 infected	 with	 genotype	 E	 strains.	 Naturally	 double	67	




demonstrated	 a	 cytotoxic	 T	 lymphocytes	 (CTL)-mediated	 protective	 role	 towards	 heterologous	72	
SRLV	infection	(Bertolotti	et	al.,	2013).	73	
Given	the	differences	in	the	genomic	organization	and	in	vitro	properties	of	Roccaverano	strain	as	74	





Two	 groups	 of	Roccaverano	 breed	 goats	were	 used	 for	 this	 research:	 Group	 A	 composed	 by	 9	80	
newborn	 kids	 [5	 females	 (ID:	 1-5)	 and	 4	 males	 (ID:	 6-9)]	 coming	 from	 a	 single	 flock	 naturally	81	
infected	by	Roccaverano	strain.		82	
Eight	 kids	were	 fed	with	 colostrum	 and	milk	 pool	 obtained	 from	positive	 (naturally	 infected	 by	83	
Roccaverano	 strain)	 goats	 of	 the	 same	 flock.	One	 female	 kid	 (5)	was	 kept	 in	 a	 separate	 box	 as	84	
negative	control	and	received	virus-free	commercial	colostrum	and	milk.	85	
Group	B	was	composed	of	6	SRLV-free	animals	of	 the	same	age	of	group	A,	coming	from	a	 long	86	
term	 negative	 flock.	 Four	 of	 them	were	 experimentally	 infected:	 2	 goats	 via	 the	 intra-tracheal	87	




bone	marrow.	 Since	 pulmonary	 lesions	 are	 not	 described	 in	 the	 infection	 by	 this	 genotype,	we	92	





the	 experimental	 farm	 (CISRA)	 of	 the	 Department	 of	 Veterinary	 Sciences,	 Grugliasco	 campus,	98	
University	 of	 Turin.	 Experiments	 were	 carried	 out	 in	 compliance	 with	 the	 relevant	 National	99	
legislation	 on	 experimental	 animals	 and	 animal	 welfare,	 upon	 authorization	 by	 the	 competent	100	
authority	 (Italian	 Ministry	 of	 Health-Directorate	 General	 Animal	 Health-Office	 VI;	 permit	 no.	101	
07/2009B).	102	
Serum	and	buffy	coats	were	collected	at	monthly	interval	during	6	months	from	all	goats	included	103	




stored	 in	 RNA-later	 (RNA	 Stabilization	 Reagent,	 Qiagen	 GmbH,	 Hilden,	 Germany)	 at	 -80°C	 until	108	
DNA	and	RNA	extraction	were	performed.		109	
Moreover,	 lymph	 nodes	 (mesenteric,	 mediastinal,	 prescapular,	 inguinal/supra-mammary),	 small	110	






the	presence	of	 SRLV	 antibodies	 by	home-made	 indirect	 ELISA	 test	 as	 described	by	Reina	 et	 al.	117	
(2009).	Briefly,	homologous	recombinant	p16-25	antigen	was	produced	and	purified.	ELISA	plates	118	







right	 cranial,	 right	medial	and	 the	 right	 caudal)	and	blind	scored	 for	pathological	 lesions	by	 two	126	
independent	 pathologists,	 as	 described	 by	 Reina	 et	 al.	 (2008).	 Sections	 of	 3-µm	 thickness	were	127	







Frozen	 sections	 (3-µm	 thick)	 were	 collected	 on	 poly-L-lysine-coated	 slides	 and	 processed	 for	135	
immunohistochemistry	 by	 using	 a	 mouse	 serum	 raised	 against	 recombinant	 genotype	 E	 capsid	136	





were	 rinsed	 briefly	 in	 1X	 phosphate-buffered	 saline	 (PBS),	 pH	 7.4,	 and	 subjected	 to	142	
immunostaining.	Specific	primary	polyclonal	anti-gag	antibody	was	diluted	1:1000	and	applied	to	143	
sections	3	hours	at	RT.	Following	a	washing	step,	a	HRP	conjugate	anti	mouse	IgG	was	added	and	144	









the	 manufacturer's	 instructions	 from	 50	 mg	 of	 tissue	 disrupted	 using	 the	 Tissue	 Lyser	154	
(Homogenizer,	 Qiagen	 GmbH,	 Hilden,	 Germany).	 Afterwards,	 nucleic	 acids	 were	 quantified	 and	155	
checked	 for	 quality	 by	 NanoDrop	 2000	 (Spectrophotometer,	 Thermo	 Fisher	 Scientific	 Inc.,	156	
Waltham,	MA)	and	stored	at	-80°C	until	use.	RNA	was	retro-transcribed	using	QuantiTect	Reverse	157	
Transcription	 Kit	 (Qiagen,	 Hilden,	 Germany).	 To	 check	 for	 possible	 cross-contamination,	 tissues	158	













2).	 Negative	 and	 positive	 controls	 were	 included	 every	 10	 samples	 analysed.	 Negative	 controls	172	
included	 RNase	 and	 DNase-free	 water	 and	 nucleic	 acid	 extracts	 from	 negative	 samples	 to	173	
determine	any	possible	cross-reactivity	or	contamination	(false	positive	results).	Positive	controls	174	
were	 nucleic	 acid	 extracts	 of	 macrophages	 cultures	 infected	 with	 Roccaverano	 strain.	 All	175	
experiments	were	run	in	triplicate	and	were	replicated	twice.		176	









Post	 amplification	melting	 temperature	 (Tm)	 analysis	 from	 50	 to	 95°C	 at	 0.5°C	 increments	was	186	
conducted	to	determine	specific	real	time	PCR	products	(Gag	Tm	~84°C).	(Rev	Tm	~	83.6	°C).		SRLV	187	





and	 plasmids	 used	 serially	 diluted	 from	 107	 to	 101	 copies	 to	 obtain	 the	 standard	 curve	 (cycle	193	



























and	 a	 severe	 lymphoplasmacytic	 enteritis	 were	 observed.	 There	 were	 no	 significant	 lesions	 in	221	
other	 organs	 except	 in	 goat	 9,	 which	 suffered	 from	 enlargement	 and	 inflammation	 of	 the	 left	222	
testicle	 showing	 severe	 multifocal	 granulomatous	 orchitis	 at	 the	 histological	 examination;	 and	223	
goats	 4	 and	 8	 that	 showed	 severe	 multifocal	 pulmonary	 lesions,	 with	 moderate	 to	 severe	224	
eosinophilic	pneumonia	secondary	to	parasitic	infestation.	225	
In	 the	 animals	 of	 group	 B,	 the	 main	 histological	 findings	 were	 severe	 reactive	 lymphoid	226	
hyperplasia,	 particularly	 evident	 in	 the	 mesenteric	 lymph	 node	 associated	 with	 severe	227	
lymphoplasmacytic	 enteritis	 in	 the	 infected	 goats.	 Regarding	 the	 histopathological	 blind-score	228	
evaluation,	significant	lesions	were	represented	by	mild	lymphoplasmacytic	infiltrate	of	the	carpal	229	




Natural	 infected	 goats	 showed	 positivity	 in	 mesenteric	 lymph	 nodes	 and	 in	 spleen	 while	 the	234	
mammary	glands	were	negative.	On	 the	contrary,	 in	experimentally	 infected	animals	 the	spleen	235	
was	negative	and	the	signal	in	the	mammary	gland	was	dependent	on	the	viral	dose	administered	236	
(Table	4).	Notably,	positivity	 in	 the	 lymph	nodes	was	confined	to	the	 intracytoplasmic	district	of	237	
the	perifollicular	cells.	238	





copies,	with	a	Pearson’s	 linear	 correlation	 ranging	between	0.98	and	0.99	 respectively.	Provirus	244	
was	detected	in	all	animals	and	the	sequencing	of	amplified	target	genes	(gag	and	env)	confirmed	245	
the	SRLV	genotype	E1	infection	(data	not	shown).			246	
At	the	beginning	of	 the	experiment,	all	 tested	animals	 in	the	PCR-env	time-course	analysis	were	247	
negative	(data	not	shown).	The	proviral	load	in	blood	samples	of	group	A	was	highly	variable	with	248	
three	goats	above	104	copies/100	ng	of	DNA	and	a	peak	at	120	dpi	 in	five	goats.	 In	VTF	animals	249	





The	 copy	numbers	 obtained	by	gag	and	env	 real	 time	PCR	 in	 all	 animal	 tissues	 are	 reported	 in	255	
Figure	3	 for	 group	A	and	 in	 Figure	4	 for	 group	B.	 In	both	 groups	 the	gag	gene	qPCR	was	more	256	




showed	 higher	 and	 more	 dispersed	 proviral	 load	 in	 the	 various	 tissues	 tested.	 Spleen	 and	261	
bronchoalveolar	lavage	resulted	positive	in	4	animals,	and	the	highest	viral	load	of	this	group	was	262	
detected	in	bronchoalveolar	lavage	of	goat	number	5.	Notably,	Peyer’s	patches,	mammary	lymph	263	
node	 and	mediastinal	 lymph	 nodes	were	 positive	 in	 2	 out	 of	 6	 naturally	 infected	 animals.	 The	264	
mesenteric	 lymph	 node,	 mammary	 gland,	 synovial	 membrane,	 choroid	 plexus	 and	 thymus	265	
resulted	negative	in	all	animals.	The	animals	2	and	6,	and	the	control	(animal	5)	resulted	negative	266	
to	all	the	qPCRs	(data	not	shown).	267	
Interestingly,	 DNA	 from	 testicle	 of	 male	 9,	 which	 suffered	 from	 orchitis,	 gave	 positive	 results	268	
(Figure	3).	269	
The	 qPCR	 (gag	 and	env)	 analysis	 of	 group	 B	 showed	 the	 presence	 of	 provirus	 in	 almost	 all	 the	270	
tissues	 analysed,	 although	 proviral	 load	 was	 highly	 variable	 with	 remarkable	 differences	271	
depending	on	 the	 route	and	dose.	The	highest	number	of	 infected	 tissues	was	detected	 in	goat	272	
VIT-H,	 and	 the	 goat	 inoculated	VTF-H	presented	 the	 lower	number	of	 tissues	with	 a	 detectable	273	
proviral	 load	 (Figure	4).	 Infected	cells	were	 found	 in	mediastinal	 lymph	nodes,	mammary	gland,	274	
mammary	lymph	node	and	spleen	from	all	the	4	experimentally	infected	goats	independent	from	275	














inoculated	 VIT-H	 had	 the	 highest	 rate	 of	 virus	 replication	 in	 the	 following	 tissues:	 mediastinal	290	
lymph	nodes	(2904	copies/100	ng	DNA),	mammary	gland	(1774	copies/100ng	DNA),	spleen	(661	291	
copies/100ng	 DNA),	 choroid	 plexus	 (296	 copies/100ng	 DNA)	 and	 bronchoalveolar	 lavage	 (145	292	







absence	of	any	classical	 lentiviral	cytopathic	effect	 in	vitro	 (Juganaru	et	al.,	2011).	 Immunization	300	
with	Roccaverano	strain	elicited	humoral	and	T-cell	responses,	accompanied	by	a	broadly-reactive	301	
cytotoxic	 T	 lymphocytes	 induction,	which	 lead	 to	protection	against	 the	highly	pathogenic	 SRLV	302	
subtype	B.	 (Bertolotti	 et	 al.,	 2013)	These	 features,	 together	with	 its	 sheltering	 capacity	 towards	303	
pathogenic	lentiviral	infections,	prompted	us	to	test	some	biological	features	of	SRLV	Roccaverano	304	
strain	 in	 vivo.	 For	 this,	 goats	 naturally	 (group	 A)	 and	 experimentally	 (group	 B)	 infected	 were	305	
evaluated	 for	seroconversion,	pathological	 lesions	and	distribution	of	virus	 in	 tissues.	Moreover,	306	
we	differentiated	 the	anatomical	districts	 in	which	 the	 virus	was	actively	 replicating	 from	 those	307	
which	were	simply	colonized,	by	monitoring	MS	RNA	and	proviral	load	respectively.			308	








with	 the	 analysis	 of	 viral	 replication	 conducted	 in	 this	 study,	 confirm	 the	 above	 literature	data,	317	
thus	supporting	the	in	vitro	previous	designation	of	genotype	E1	as	a	low	pathogenic	SRLV	(Grego	318	
et	al.,	2007a).	319	
In	 naturally	 infected	 animals,	 the	 proviral	 load	 in	 blood	 mimicked	 its	 presence	 in	 tissues.	320	




issues	 since	 the	 experimental	 protocol	 authorization	 restricted	 the	 use	 of	 only	 one	 animal	 per	325	
route	and	dose	of	virus	infection.		326	
The	tissue	PCR	analysis	demonstrated	that	the	intra-tracheal	inoculation	route	was	more	efficient	327	
for	 the	 establishment	 of	 the	 infection.	 The	 viral	 load	 and	 the	 number	 of	 infected	 tissues	 was	328	
higher	 in	animals	of	group	B	 than	 in	group	A,	most	 likely	 reflecting	 that	experimentally	 infected	329	
goats	(group	B)	have	received	a	higher	viral	dose	compared	to	the	naturally	 infected	animals.	 In	330	




by	 SRLV	 genotype	 E1	 seems	 to	 be	 the	 lymphoid	 compartment,	 in	 both	 experimental	 groups	335	
supporting	its	designation	as	the	viral	reservoir	tissue	of	genotype	E1,	as	previously	suggested	for	336	
other	 lentiviruses	 (Embretson	 et	 al.,	 1993).	 Tissue	 positivity	 correlated	 with	 the	 presence	 of	337	
macrophages	 in	 spleen	 (sinusoid	 lining	 cells),	 lungs	 (dust-alveolar	 cells)	 or	 testis	 (testicular	338	
macrophages).	The	genotype	E1	was	also	present	in	the	mammary	gland	or	in	associated	tissues;	339	
this	may	ensure	the	SRLV	transmission	to	offspring	since	the	main	transmission	route	 in	goats	 is	340	
lactogenic	 (Blacklaws	 et	 al.,	 2004;	 Gjerset	 et	 al.,	 2009).	 The	 data	 obtained	 from	 the	mammary	341	
gland	 supported	 the	 results	obtained	by	Deubelbeiss	 et	 al.	 (2014),	 in	which	 the	 low	pathogenic	342	
virus	 genotype	 A4	 was	 abundantly	 represented	 in	 the	 mammary	 gland.	 In	 contrast	 to	 the	343	




may	 reduce	 tissue	 antigen	 expression	 thus	 interfering	 with	 the	 immunopathological	 process	348	
characteristic	in	SRLV-induced	disease	(Blacklaws,	2012).	349	
There	was	no	evidence	of	viral	replication	in	group	A	animals	and	a	low	viral	replication	rate	was	350	
detected	 in	group	B.	We	can	 speculate	 that	natural	 infection	with	Roccaverano	 strain,	 although	351	
established,	 proceeded	 with	 a	 viral	 replication	 rate	 below	 the	 detection	 limit	 of	 the	 qPCR	352	
technique	used.	The	analysis	of	RNA	MS	further	confirmed	that	the	optimal	route	of	 inoculation	353	
was	intratracheally	since	the	highest	rate	of	viral	replication	was	detected.	Mammary	gland	and/or	354	
mammary	 lymph	nodes	 in	three	animals	of	group	B	showed	the	highest	RNA	MS	viral	 load.	This	355	




Interestingly,	 we	 found	 a	 high	 genotype	 E1	 viral	 load	 in	 tissues	 and	 in	 blood	 with	 a	 ongoing	360	
inflammatory	condition	such	as	orchitis	(goat	9),	lung	parasitism	(goat	4)	and	bronchitis	(goat	8).	A	361	
possible	explanation	is	that	the	recruitment	of	macrophages	at	the	inflammation	sites,	secondary	362	
to	 a	 infective	 status,	 increases	 the	 chances	 of	 infection	 as	 it	 has	 been	 previously	 described	 for	363	
Brucella	ovis	and	CAEV	(de	la	Concha-Bermejillo	et	al.,	2013;	Preziuso	et	al.,	2013).	364	
In	conclusion,	we	suggest	that:	i)	the	most	probable	and	efficient	reservoirs	of	genotype	E1	SRLV	365	
are	 the	 monocyte-macrophage	 cells,	 and	 consequently	 all	 organs/tissues	 characterised	 by	 an	366	
abundant	 presence	 of	 these	 cells,	 either	 for	 their	 own	 anatomical	 organization	 (e.g.	mammary	367	
glands)	or	for	occasional	recruitment	induced	by	an	infection/inflammatory	status;	ii)	proviral	load	368	
is	 a	more	 constant	 and	 reliable	marker	 than	 viral	 genomic	 RNA	 to	 assess	 the	 virus	 presence	 in	369	
infected	 animals	 (Ravazzolo	 et	 al.,	 2006);	 iii)	 the	 absence	 of	 pathological	 manifestations	 in	370	
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